Sample preparation 5N high purity Al (99.998 wt.% Al, produced by Hydro Aluminium High Purity GmbH, Grevenbroich, Germany), 5N high purity Si (Siltronic AG, Burghausen, Germany) and Al-4Sr master alloy wt.% Sr prealloy manufactured by using 4N Al + 99 wt.% Sr -Johnson Matthey Plc, London, U.K.) were used for this purpose. The experimental details concerning sample preparation, arc melting and melt-spinning are described in . Thus, the atoms situated at or close to either surface of the sample are likely to be extracted and should move on the surface,
Germany), 5N high purity Si (Siltronic AG, Burghausen, Germany) and Al-4Sr master alloy (Al-3.59 wt.% Sr prealloy manufactured by using 4N Al + 99 wt.% Sr -Johnson Matthey Plc, London, U.K.)
were used for this purpose. The experimental details concerning sample preparation, arc melting and melt-spinning are described in 1, 2 .
STEM Imaging
The Titan microscope is equipped with X-FEG Schottky field-emission electron source, FEI Super-X detector (Chemi-STEM technology) consisting of four separate silicon drift detectors (0.7 sr collection angle) and Dual Electron Energy Loss Spectroscopy (EELS) -Gatan Imaging Filter (GIF) Quantum.
Eutectic Si particles of approximate 200 -300 nm wide and 200 -800 Å thick contained in the Al-Si alloy with 5 wt.% Si and 0.02 wt.% Sr, were tilted in the {111} Si <110> Si //{111} -Al <110> -Al direction.
Imaging of strontium columns by STEM HAADF (300 kV) within the Si eutectic phase was strongly hampered by Sr diffusion which are likely to diffuse fast on the Si surface (3*10 3 Å/s on the Si (111) surface) due to thermal activation during irradiation with the beam 3 . Thus, the atoms situated at or close to either surface of the sample are likely to be extracted and should move on the surface, 2 resulting in a drastic reduction of the Sr-columns intensity in the HAADF high resolution STEM images. Therefore, only a very quick acquisition (~30 s at 300 kV) preserved their initial contrast in the HAADF image.
In order to preserve the number of Sr atoms in the region investigated by X-ray Spectrum Imaging, low dose conditions measurements were needed: a voltage of 60 kV with a low beam current of ~40 pA and cumulative measurements (seven subsequent spectrum images, 0.01 s pro spectrum, total acquisition time of 15s pro SI).
Electron energy loss spectrometry (EELS) could not be used in this investigation since Sr presents a The general rule for identification of trace signals above image-or spectra-noise in an experiment is that the signal to noise ratio should be equal or higher than 3. However, the simulated images do not contain experimental noise; therefore the threshold contrast was calculated relative to Si columns. Given the intensity fluctuations in the experimental images (within 10 %) due to 
Ab-initio plane-wave density functional theory (DFT) calculations
As described in Methods, ab-initio plane-wave density functional theory (DFT) calculations have been performed by using the Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional and generalized gradient approximation (GGA) implemented in VASP. An energy cut-off of 318 eV was used for the plane-wave basis set, and the ions were relaxed using projector augmented wave (PAW)
pseudo-potentials to within a force-tolerance of 0.01 eV/Å 4, 5 . Fine k-point mesh grids were used to sample the Brillouin zone. Images were developed using VESTA However, the real situation of the calculations presented in Figure 2 is somewhere between fixed volume (zero dilatation) and zero pressure conditions. Performing DFT simulations while relaxing the super-cell in order to achieve zero pressure conditions, although feasible, it is much more computationally demanding. Therefore, we estimate the binding energies at zero pressure by subtracting from each computed energy the work associated with volumetric relaxation, i.e. , show a peak at distances corresponding to the first or second neighbor positions of the crystal. This difference can also be due to the lack of statistics in the liquid containing very few Sr atoms.
For the interaction of the Sr column with the twin we considered the twins to be two lattice spacing thick as observed experimentally in Figure 1 . An important requirement, considering that they are the thinnest possible twins, is that the energetic interaction between twin boundaries is zero. The interstitial Sr columns are placed at the two twin boundaries and are composed from Sr atoms located in the nearest neighbor position, which corresponds to the interstitial Sr column configuration discussed above (Figure 2 (a) ). The distance between columns in the {110} plane is sufficiently large to prohibit significant direct interaction between them. Periodic boundary 7 conditions are used in all directions and the model size is large enough to preclude significant interactions of Sr columns and their images or of twin boundaries.
